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.. 
The motivation for this work waa · \ ' 
'· .. . 
1, to generate and observe extremely slow average crack 
growth rates, 
2, to determine the corresponding valuea of atreaa 
intensity fa~tors, and 
3, to correlate these results with previous experieental 
findings on crack growth rates. 
It was found that crack growth at hitherto unreported slow rates can 
be produced if a proper technique is used and sufficient time allotted. 
The results seem to indicate that stress intensity factor ranges (for sinu-
soidal loading) asymptotically approach a value of about 1000 lb./in. 3/ 2 
-8 -10 
as average growth rates decrease from about 10 to 10 in./cycle in 
7075-T6 almninum alloy. A favorable correlation was obtained with exist-
ing data on stress intensity factor values for growth rates faster than 
10-8in./cycle. Viewing average crack growth rates as low as 10-101n./cycle 
as a continuous process appears to be reasonably juatifiable. 
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1. I N T R O D U C T I O if A H D B A C IC G R O U N D 
1.1 IMPORTANCE OF THI CRACK GRmml PBAsE·or THI FATIGUE PHENOMENON 
In many engineering applications structures are subjected to repeated 
loading. Due to such loading, cracks may grow from material flaws at some 
highly stressed areas. If the load is applied often enough a member may 
fail by complete fracture. This .is the phenomenon referred to as fatigue. 
For a study of life expectancy of structural members fatigue may be sepa-
rated into three phases, which, taken in order of occurence, are: 
(1) the initiation of cracks, 
(2) the growth of -~racks, and 
(J) the rapid propagation of cracks in the final load cycle. 
1 
The init.iation of cracks is believed to be as~ociated with slip and 
dislocation within the metal. (l) Laboratory studies employing microscopic 
observations of polished ~pecimens have found that cracks generally appear 
within the fi.rst five per cent of fatigue life or earlier. <2> 
The crack growth phase inanediately follows the initiation phase. 
However, the completion o~ crack initiation and thus the onset of crack 
growth is only arbitrarily defined. This is due to the variance of metho·da 
employed to detect the first appearance of cracks. Obvious)ly, an obs·erva-
tion by the naked eye is less sensitive than detection using optical view-
ing instruments. From a practical viewpoint, since typical structural 
••hers·usually contain·fabrication imperfections in the form of microscopic 
. " 
. . 
-2 
-----------------------------~-.---
l.i 
-1.. --· --
· cracks, the initiation phase of fatigue is of relatively minor Ul'por~aace _. 
to the study of normal structural fatigue problems.CJ) 
.J 
Figure 1 shows a typical length-time r·elationship of a crack growing 
under the action of a repeatedly applied load. The early portion of the 
curve indicates a much slower growth rate than the later portion. 
Obviously, if cracks exist from the outset it would be des~rable to-have 
as slow a growth rate as possible and to prolong this &'low growth in order 
to achieve a longer fatigue life. 
The final phase of fatigue occurs when the total crack leng.th appro-
. aches the member '"1~dth and one last cycle of load application induces rapid 
propagation of the crack to cause complete failur~. <4> The relatively 
minor importance of this last phase with respect to the total fatigue life 
, 
of a structural member is apparent and requires no further coDPPPnt. 
Consequently, ·from a realistic engineering viewpoint, the crack 
growth phase may conservatively be considered to comprise the whole of 
structural fatigue life. Before discussing the results of numerous experi• 
mental studies on crack growth rates, a review of the fracture ~ecbanic~ 
concept as applied to the investigation of crack growth behavior is 
( 
necessary. 
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1.2 THE FRACTURE MECHANICS APPROlCH TO CRACK PROPAGATION ANALYSIS 
One approach in investigating crack growth behavior in recent years 
has been the fracture mechanics vieti1point. The treatment is basically an 
elastic stress analysis and presents a parameter which describes the local 
stress intensity near a crack tip.CS) This paramet.er, called the stress 
intensity factor, K, depends on the loading condition and the geometry and 
configuration of the crack as well as of the member. For a finite plate, 
Fig. 2, with a uniform tensile stress, (J , applied in the plane of the 
plate and perpendicular to a centrally located crack of l.ength 2a, the 
(6) formula for K is 
K = o<(<f\/Zf) 
) 
where. =- V~(to..n ~) . 
,.'!' (/) 
However, when the total crack length is smaller than half the plate width 
(2a( b), approaches unity, resulting in ~ 
K = (2) 
With the value of the stress intensity factor known, ~he stresses 
near the tip of a symmetrical crack, Fig. 3, can be evaluated by the follow• 
(5) 
ing f onnu lae: 
. 
. 
... 
·1 •• 
l 
' 
. .+-1 
.• 
0v: }rcos 8 
" zr 2.. 
~ -_Ii_ c·. e 
uy -v2r 05 2 
1- sin 6 sin 36 
- c. T 
I+ s1n ~ sin~ 
cos 6 2. cos
38 
2. 
(3) 
At the iDDPdiate vicinity of the crack tip the values ·so computed are 
higher than the yield str~ss of the material. Consequently, a plastic 
zone exists there. The size of thi~ zone can be derived by employing 
(7) 
Eqs. 2 and 3. For normally applied stresses encountered in most engi-
neering applications the plastic region is found to be extremely small 
compared to other dimensions of structural members. This justifies the· 
°'e of elastic analysis in the treatment of crack propagation under s-tatic 
loading. 
Extending the stress intensity factor concept to fatigue loading, a 
(8) 
n1mber of research workers have independently proposed various crack · 
propagation laws. Comnon to these laws is the general expression for crack 
growth rates: 
d(2(A) 
d N : -F ( a, ~ f, C; , ~, f ) 
l 
- .• -__,,.\ ..... _,_ __ ...... _... .. _=- -.-.-------
(t) 
-s 
I 
I 
• I 
I I 
i 
I .~ 
.. 
.... 
where: Q.. = half crack 
Alr= applied stress range 
Ci = a material property constant 
1 = ratio of mean load to load range 
f = frequency of cyclic loading 
·) 
I 
By combining the effects of C; , r , and. f 
is reduced to a power form(S) 
into one constant, C , Eq. 4 
d (2.<l) 
cl N · 
-
-
(8) 
or, more specifi~ally 
d(2tl) 
c\ N -
· rn n C ( AO-) ·(A. (5) 
(6) 
After incorporating the stress intensity factor as defined by,. Eq. 2, a 
. simple relatioi..ship is obtained as a crack propagation law: 
d(Z~) 
dN 
-
-
Attempts have been made to verify Eq. 7 by plotting values of 
(7) 
log d~a) versus log (.6. K) for tests employing various configurations, 
a tresses, and materials over a wide range of crack growth rates. (S) A. 
straight line was found to represent all the data points very well, (for 
example, Fig. 4 shows the results for alumin~ alloy 7075-T6). In this way, 
the applicability of the power law, Eq. 7, was verified. Furthermore, the 
· slope of the line was 1 to 4, thus signifying that 2n • 4, and 
d(2Ck) 
aN (8) 
·-6 
.,. 
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lilly be used as a reasonable approximation. for relating atre•••• and crack 
·lengths to crack growth rates in structural members. ) 
.. _/ 
....... 
1.3 NONPROPAGATING CRACKS AND VERY SLOW GROWTII" RATES 
Earlier it was noted that typical growth exhibits increasingly 
faater rates as time progresses, Fig. 1, and that it would be desirable 
to have slowly growing cracks for longer-service life spans of structural 
aemhers. The foregoing points to the need for the study of very slow 
growth rates and the examination of the possibility of the existence of a 
threshold for nonpropagating microscopic cracks. In terms of the fracture 
mechanics concept, a study of the relationship between low stress intensity -
factor values and the crack growth rates is necessary. 
Existing data on crack pro~gation rates, such as those for 707S-T6 
aluminum alloy in Fig. 4, provide seemingly sufficient information for 
-a cracks growing faster than 10 in/cycle. It is on this experimental data 
L.) 
that the fourth-order propagation law is established. Below the rate of 
-8 10 in/cycle, there does not appear to be any reported test results. The 
existence of this void probably is due partly to the diffi~ulties of per-
forming experiments to obtain slow growth rates, and partly to the ~mbi-
guity of a distinction between nonpropagating cracks and very slow growth. 
When slow growth rates are desired of an experiment, low stresses and a 
small crack length are essential, Eq. 6. The achievement of extremely 
slow growth rates has not been very successful. Often, when a test was :, .' 
performed for a considerable length of time without observation of crack 
growth, the crack would be regarded as nonpropagating~ 
• 
1-, • 
. , \ . ' 
'· 
I ' 
-7 
~ I 
' 
... ~ ·: ,.: .:__._ . 
' i. 
... 
\ 
. Gene7ally it ia thought that two conditions may cause the nonpropa-
gating phenomenon: blunting of the crack tip and the imposition of 
residual compressive,stresses.<9) Blunting occurs when the crack tip grows' 
\ 
up to a hole or a flaw which reduces the stress concentration and prevents 
further crack extension. Effective blunting can arise from an overload 
that creates a large region of plastic flow around the crack tip at the 
overload, and imposes residual compressive stresses ahead of the crack 
when the overload is removed. Under fatigue loading, these compressive 
stresses may hinder the crack growth. However, is it really nonpropagating 
or merely growing at a very slow average. rate? That is the question which 
must be answered for more thorough understanding of the fatigue phenomenon 
of •tructural members. 
Consequently, the purpose of this investigation is to produce very 
slow crack growth rates, to evaluate the corresponding stress intensity 
factors, and ~o compare the results with existing data so as to establish 
a general stress-rate relationship of crack propagation f.or fatigue life 
estjrnation. 
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2. D E S C R I P T I O N O F T E S T I N G A P P A I A T tJ S 
AND TEST SPECIMENS 
2.1 TESTING APPARATUS 
Because of the slow growth rates and the anticipated large number 
of load cycles, a high frequency machine had to be employed. All tests 
were performed in the Amsler Vibrophore, Fig. 5, which operated on the 
resonance principle and was controlled by an electromagnetically excited 
feedback system. (lO) The testing frequency always coincided v1ith the 
natural frequency of the upper head, test specimen, dynamometer, and base 
block counter mass which all vibrated as a unit. For the current series 
of tests the machine operated at 8250 cycles per minute. 
The magnitude of applied load was measured by a beam of light reflec-
ting from a mirror attached to the dynamometer onto a calibrated window in 
the machine base, Fig. 6. As the amplitude of load increased in setting 
· up a sinusoidally repeated load, the light beam grew from a thin line 
(indicating mean load) to a wide band representing the applied load range. 
The load range was automatically maintained constant by a photo-cell, 
activated when the band of light reached an adjustable pointer set to the 
minimum loc:J.d. Sinc.e applied loads in this test series were small, a 2-ton 
dynamometer was used for greater accuracy. 
Bolts and various se.ts of shims were used to grip the specimens, 
-9 
Pig. 7. When the shims were sprinkled with an abrasive dust, and the bolta-. [_ 
. .. .. • .. --,- ... ~- •• 4,\4 't' • • . • ..... ______ _.Ill!-.• ~~w....,.,-. .. --,.,~ .. Hf~ .• ~ .. •-~ .. ,,..,...., • ..,.., _,.,,w,,•. • 1 "41 ... - ...... , .. ~ .... .-~.-..,.,..~-~:-..........,. ...... , - .. · - ...... - ........... .. • ._ • ·• , 'lif , ~,, , l. 1 ••., •• ,. , 1 , 1 r . . . ,,, 
\ 
• I • _;.· ~ ( .. 
- ......... -=-
:. .• .. . " 
........ 
tightened, Fig. 8, clamping pressure provided sufficient friction to grip 
a specimen without relying on bearing of the bolts. 
\ 
' 
A 50 power Gaertner telescope was fitted to a special mounting arm 
which was attached to one of the vibrophore columns, Fig. 5. The entire 
arrangement moved with the vibrophore at low amplitude so that the speci-
men remained in focus during any particular viewing. The distance from 
-10 
the face of a .specimen to the objective lens had to be maintained at 7 .625 in • 
. - ..... for perfect focusing. A micrometer slide atop the instrument provided the 
~ 
means of making horizontal crack length measurements to a/ sensitivity of . 
0.00005 in. The slide was manipulated by a hand operated crank and bad a 
maximum range of 4 .in. 
When the specimen fractured, au.tomatic safety devices on the vibrophore 
would stop the vibrations. 
·2.2 TEST SPECIMENS 
• I 
All testing was done with the high strength aluminum alloy 7075-T6 
which has a miniunim yield strength of 66 ksi and a minimum ultimate 
strength of 77 ksi. Extensive data has been gathered on this material 
from several independent researchers, Fig. 4, and Refs. 11 and 12. 
The size of specimen was governed by the dictates of the testing 
machine, an attempt to simulate the theoretical model, and a desire to clos-
ely appr~ximate sizes used by others in previous tests. (ll)• Thirteen 
specimens were cut from a 1/8 in. thick.4 ft. by 12 ft. pan~l at the posi-
tions shown in Fig. 9, and then machined to a width to 2.5 in. and a length 
of 12 in., Fig. 10. Host specimens were cut out of t~e center of the panel 
• • I • .'· ' • ' 
...... ~ ..... .,. ........ - -~· ... - .. 
- . . .. ..... - .. . .. .... .. 
- ... .,. .. 
11 • ~. -·- ..................... - ...... _ ... ,_ ....... ·~ 
r 
·-11 
. ~ 
.. 
• 
to ain1wize •rping. The •Jority had their longitudinal axia perpendi-
cular to the direction of r.olling. Thi•. arrangement allowed the crack to 
. . 
propagate in the direction of rolling, which was expected to facilitate 
growth. The reaaining specimens were taken in the direction of rolling 
in order to compare the results of both arrangements. Figure 9 shows 
the designating system. 
Four holes of 0.65 in. diameter were drilled, one near each corner, 
to accomodate the 0.60 in. bolts from the gripping fixtures. Th~s diameter 
i 
I 
\ 
allowed ample clearance for the bolts to avoid bearing on the sp~cimen, 
. ~ 
since gripping by bearing would set up severe lateral vibrations in the 
testing machine and cause fluctuations in the load. A central hole of 
1/16 in. diameter was drilled to provide the starting point for preparation 
of a stress raiser • 
..... 
. 1 
....... ..._ ........ -.......... _ .... ____ ..•... .. :•. _:.;.:•, ......... .. 
... 
.... 
.. 
'·· I 
l 
I . 
,I 
'! 
I 
··~·'°'·-··~ ~, .... ·,·-·1r""f...;IE111" 
r • 
, -- ·-'aa-. ..__~ 
3, 'r I S t 1 N G P B. 0 C E D U R B A N D T E C H N I Q U · E S 
' 
'~ 
After a specimen was placed in a set of grips it was carefully 
aligned according to the operation instructions for the vibrophore. Al-
though all precautions were taken to minimize undesirable effects such as 
·warping ·and bending of the specimen, their complete elimination was diffi-
'· 
cult. In order to evaluate the severity of the bending and twisting 
effects some specimens were strain•gaged, Fig. 11, and rea~ings of strain 
were taken for several static loads. The results indicated that an error 
of plus 6 per cent is present for·any load range,6P, read off the scale. 
Further preparation of the specimens included the use of a thin 
nylon-cotton thread, coated with a fin~ grade grinding compound, to grind 
out stress raisers on either side of the hole in the form of notches about 
0.01 in. long, Fig. 12. With the aid of the telescope, accurate control 
• 
of the notch lengths was maintained to a tolerance of about 0.001 in., 
and the final total crack length was about 0.080 in. Following the grind-
ing an electric polisher ·and rubbing compound were employed, Fig. 13, to 
apply a high polish to one face of .the specimen in order to facilitate 
viewing of the crack. 
Before the application of loads a reference line was scribed on the 
polished face. A mean l~ad of 2200 lbs. was. then set on the vibrophore 
and the pointer on the dynamometer scale set to a minimum load of 400 lbs., 
which was held constant throughout the entire test.to avoid the possibility 
-12 
., 
•• .... ;&,, • .... -·-···· .. ·- -·--------------
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.. ---
.... p ......... ~---------------·-... 
r.;co-1- -~ ..... 
..__......,_. .......... • ... trt-· ...... ......,_ .... ·-· .... 
,--~~ .. ""·· . 
·,;;, 
-13 
of accidental compression on a specimen. After safety shut-off switches 
for eventual fracture were set the amplifier for cyclic loading i1as turned 
on. The machine cQnaenced vibrating at 8250 cycles per minute under a load 
range of 3600 lbs., which was anticipated to be large enough to initiate 
cracking. 
~e specimen was periodically observed through the telescope in order 
~ 
to determine if crack growth had commenced, Fig. 14. Readings of crack 
length were taken by shutting off the vibrations, leaving the machine at 
mean load, and setting the telescope cross hair to the reference line, the 
left crack tip, and the right crack tip respectively. In this manner, the 
total ~rack length and the increase of either side of the crack could be 
calculated at any time. Figure 15 is a typical data sheet showing the 
111nner of recording data. After a number of tests had been completed, a 
a troboscope was acquired and readings could be taken while the vibrophore 
was in operation, Fig. 14. 
Generally, after a few hundred thousand cycles a crack was observed 
growing out of either one or both notches at lengths of about 0.003 to 
0. 005 in. However , the average growth rates at the 3600 lb • range were 
(~ between 10-7 and l0-6in./cycle which were not slow enough to be of interest~ 
Once the crack reached a length of 0.140 in. the vibrations were stopped, 
and the mean loa9 reduced to correspond to a vibrating range of 2000 lbs. 
At this load range, ~K was much smaller· than at 3600 lbs. and slower 
growth rates were e~pected. 
At the 2000 lb. load range the vibrations were applied until the 
crack grew to a total length· of 0.190 in. Then the. earlier procedure. was. r 
... ... .. .. .... ... .. . . ..... .. .. •·.... .. . .. . . .. .. 
,. . 
,Iii· •• • • • ·• 
... ·- .. 
.., 
.. 
J.·' 
.! 
repeated, dropping the load range in turn to values of 1600, 1400, and 
1200 lbs. During these drops the crack was permitted to grow to total 
length of 0.200, 0.210, and 0.220 in. respectively. 
When the crack had grown to a length of 0.220 in. the load range was 
decreased co 1000 lbs. The vibrophore was run for several million cycles 
in order to allow the specimen to absorb enough energy to cause renewed 
crack growth. Sometimes the crack would not commence to grow again even 
after 10 to 70 million cycles .. 
increased to 1200 lbs. again. 
In such a case the load range would be 
After a few thousandths of an inch of I 
growth had occurred the load range was once more set to 1000 lbs., and 
the procedure repeated as stated above. If the crack grew, readings of 
length were taken. However, if after ma.ny days of testing the crack 
would not grow further, the test would be halted, and a new specimen in-
serted into the vibrophore. 
It should be mentioned that this technique of initiating a crack 
from a stress raiser at a large load range and then reducing the range to 
a~smaller one was the key to creating very slow growth rates. The exact 
0 loading ranges and crack lengths as stated above were ar_~ived at only after 
much trial and error axperimenting (mainly with specimen FA-4). 
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OBSBRVATIO?f OF RESULTS 
AND DISCUSSION 
4.1 . PROPAGATION OF CRACKS 
' ., 
) 
The general trends of observed behavior will be presented first. 
. ..... , 
,.. 
Reference to particular specimens will be made where important occurrence• 
have been noted. 
In general the curves of crack length versus eye.lea of loading for 
the test specimens show a steadily increasing slope whenever a significant 
amount of growth was permitted to occur at one constant load range. This 
behavior is in accord with the natu~e of typical crack growth as described 
in Section 1.1. To clearly demonstrate and examine the extent of this 
behavior, specimen GB-4 was allowed to fatigue to failure at a constant 
load range of 1200 lbs. while readings of crack length were being taken. 
This was done after the typical test procedure had been applied and a very 
. ' 
long delay period was encountered at~ P • 1000 lb., Figs. 16a and 16b. 
As seen from Fig. 16c, the growth rate increased steadily and gradually 
as·the crack length grew, covering a greater portion of the plate width. 
When the c~.ack length became large with respect to the plate width the 
correction factor, o<.., had to be applied to the stress intensity factor,a, 
-15· 
Eq. 1. This correction factor, along with the increased size of crack 
length, 2a, contributed to a greatly enlarged ~ K value to be used in the 
growth rate formula, (Eq. 7 or Eq,. 8) , and resulted in a greater crack growth 
, I • 
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During any specific test it was found that, in general, each time 
the applied load range was reduced the average growth rate decreased. 
(See for example Fig. 16a.) This is to be expected since the load range 
is linearly proportional ~o the stress intensity factor which, in turn, 
1 -
is directly proportional to the crack growth rate. 
Also, a reduction of load range sometimes caused a delay before the 
/ 
crack proceeded to grow once more, Fig. 17. An explanation of this pheno-
menon is arrived at by a consideration of the blunting and residual com-
pressive stress conditions at the crack tip imposed by the previous higher 
load,(Section 1.3). The delay lasted until sufficient energy was absorbed 
by the metal from the applied loading to enable further crack extension. 
\ 
--.b 
Thus, what might at first appear to be a nonpropagating crack may merely 
be a temporary arresting of crack growth. 
Obviously, it would be expected from the foregoing that too great a 
decrease in load range resulted in extremely long delay periods (Figs. 17 
and 18) and that the smaller the load range reduction the shorter was the 
deiay interval (Figs. 19 and 20). In fact, for the lower load ranges 
applied on specimens FA-1 and FC-2 (Figs. 19 and 20), no visible delay was 
apparent between microscopic viewings at 40,000 cycle intervals after the 
re4uction of load ranges. 
Specimens BB-4 and FC-3 (Figs. 16 and 21) exhibited some unusual 
behavior with respect to the others. The growth pattern for all except 
a the smallest load ranges was similar to that observed for the other speci-
mens.\ At the beginning of the smallest load range, the cracks also 
• .. • • • .... .. • ... • • .. .. ,.. > 1, ... ,,.. .• . ~ ... .. ' ..... r'............ ......... .. . .•• .. _, '.. . ......................... -............... .......... 
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experienced no apparent delay, Fig. 16b and 21b. However, these cracks grew 
a relatively large increment at first and thereafter continued at progres-
sively slower rates, finally encountered a very long delay. This was con-
trary to the general trend that shows growth rates increasing with time at 
a constant load range. A possible explanation may be the occurrence of a 
nonuniform crack front "t-1ith pocl<ets of growth forming irregularly between 
:•, the plate surfaces and the interior.· 
A further conment with respect to specimen GB-4 should be made. It 
was found that the .6K values for this specimen were generally smaller 
than for other specimens at the same growth rates. S-ince this specimen 
was cut in the direction of rolling, Fig. 9, the crack grew perpendicularly, 
and it would be expected that the specimen would be more resistant to 
fatigue cracking. Higher values of llK should have been obtained. }ecaase 
specimens AA-1 and AA-2 were taken in the same direction as GB-4 and yet 
their behavior was no different from the other specimens, the experience 
with GB-4 could not be considered to be of significance. 
·In some specimens the crack grew only out of one side of the fabri-
cated stress raiser, as are noted in Figs. 17, 18, 20 and 22. Such an · 
unsymmetrical condition·was uncontrollable. For, even though strict pre-
cautions were taken to achieve uniformity in grinding the notches, they 
were obviously not absolutely symmetrical, and stress concentration occurred 
higher on one side than on the other. Occasionally the severity of this 
eccentric situation was reduced after the initial load range had been 
'8creased; at which time the crack growth might proceed on both sides. ' 
,_ 
Such was the case for specimens FA-2, FA-3 and FB-1, Figs. 23 and 24. 
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Until ll P • 1000 lb. was reached the crack in FA-2 grew only out of 
the left side of the stress raiser. However, after about 750,000 cycles 
of load application at h. P • 1000 lb., the crack suddenly grew approxi-
mately 0.01 in. on the right side. It is of interest to note that the 
growth rate of the total crack length before and after this po_int was much 
the same. Also, specimens FA-2 and FA-3 showed very similar growhh rates 
to one another at all load ranges. 
A general examination of the plots of crack length versus applied 
load cycles, Figs. 16 to 24, reveals that at the same load level different 
average crack growth rates were observed. Such behavior is to be expected 
since the cracks were allowed to grow longer at particular load ranges in 
some specimens than in others resulting in larger ~K values and thus 
faster growth ra tea • 
Considering the micrescopic metallurgical differences between the 
apecimens and the individual history of loading for each specimen, the 
overall scattering of results was indeed within a normal range for fatigue 
testing. 
4.2 CORREIATION Wl'l11 EXISTING D.6.TA 
Earlier the broad trend of crack growth data was presented in Fig. 4 
d'lal (8) 
indicating a fourth power law for the relationship of /j. K to dN. 
Figure 25 is a similar plot composed of the data accumulated from the pres-
ent tests. The results for rates between 10 •6 and 10·81n .. ./cycle show very 
good correlation ·with the scatter band taken from Fig. 4 (shown as dotted 
line). Some of the points in Fig. 25 for the current work fall below the i 
':. 
./ 
-18 
.. ·--
' 
transplanted scatter band which was for teating carried out at a 1 value 
of 0.50. Since the present testJseries included values of from 0.60 
to O. 90, and Ref. 4 shows the decrease in values of 6. K for a particular 
growth rate as i increases, this dis repancy is to be e~pected. The 
-7 -6 four lowest data points in Fig. 25, be ween the rates of 10 and 10 
{ 
in./cycle were all derived from testin~one specimen, FA-1. Furthermore, 
since the principal objective of the current work was to investigate very 
slow growth rates, few data points were gathered at any one load level 
during the transition from the initially large loads to the final low 
loads throughout the testing of any specimen. Considering this factor, 
the correlation of the current result with previous work by other research 
workers may be considered to be exceptionally good. The foregoing lends 
I 
weight to the validity of the results observed for 1growth rates slower· 
than l0-8in./cycle which shall be considered next. 
4.3 EXTREMELY SLOW GROWTH RATES 
For specimens FB-2 and FB-3 (Pigs. 26 and 27) at a load range of 
.;.7 1000 lbs. a delay of over 10 cycles was encountered. Thereafter, the 
average growth rates of the craclcs were very slow. A study of Figs. 26 and 
27 shows that to these diagrams straight lines can be very well fitted, 
the slopes of which represent the average growth rates. Specimen FB-2 
exhibi~s a rate of about 2 x 1o·lOin/cycle. For specimen FB-3 two straight 
· -10 -9 lines approxi111$te the data points with slopes of 5 x 10 and 2 x 10 
in./cycle. 
Specimens GB-4. and PC-3, Figs. 16b and 21b, also grew at rates leas 
-8 
than 10 in./cycle during the lower load ranges. GB-4 experienced rates 
\ 
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of 10 -9 and 5 x 10 - lO in. / eye le at the load range of 6. P • 1000 lbs • The 
rates observed for FC-3 were 5 x 10·lO and l.7 x 10·91n/cycle at 8P • 800lb8. 
Although specimens FB-2 and FB-3 were teated in exactly the same 
manner as GB-4 and FC-3, their growth rates at low load range have been 
quite different. Furthermore, each of specimens GB-4 and FC-3 showed widely 
varying growth rates at a fairly cons_tant ~ K value. The reason for this 
becomes apparent when one examines the values of stress intensity factors 
and the growth rates. in Fig. 25. 
of 
For growth rates between about 10·8 and 2 x lo-10in./cycle the value 
3/2 ~~ varies only slightly around 1100 lb./in. The plotted data 
points appear to indicate a fairly sharp bend at a crack growth rate of 
10·81n./cycle if a single curve is to be established. Below this rate the 
curve approaches asymptotically a limiting value of ~K somewhere near 
3/2 1000 lb./in. This is why the wide variance of growth rates at similar 
AK values mentioned in the preceding paragraph. 
-10 · . \ . Obviously, average growth rates as low as 10 . in./cycle must be 
microscopically discontinuous, for an actual extension of such a small 
increment of length per cycle would represent a distance much less than an 
atomic diameter. However, the plots for specimens FB-2 and FB-3 indicate 
-8 that growth rates less than 10 in/cycle may be very well approximated by 
smooth curves, in fact, by straight lines. The results for very slow 
growth rates in specimens FC-3 and GB-4 a.s well as for the faster rates in 
all specimens show that smooth curves generally fit the data quite well. 
The foregoing would suggest that viewing very slow crack growth rates aa 
a continuous process may be justified for practical purposes. 
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'Some reaearchers(ll) have hypothesized that below a certain value for 
AK cracks will not. propagate at all. Thus they have incorporated all of 
the factors mentioned in Section 1.3 into the simpler means of describing 
nonpropagating cracks available in using stress intensity factor concepts. 
If a "threshold" value of4K can be estimated for various metals under diff-
erent load and structural configurations an aid to designing structures for 
a desired life expectancy may be available. With the results of the current 
investigation now at hand there seems to be an indication of the existence 
of such a threshold or lower limit value of ~K below which crack growth 
will not occur in 7075-T6 aluminum alloy, even for extremely long periods 
. 3/2 
of sinusoidal load application. This limit appears to be near 1000 lb./in. 
Returning now to an examination of the results of specimens AA-1 and 
AA-2, Figs. 17 and 18, the absence of crack growth at 6. P • 800 lbs. may 
be due to the "limit" value of ~K presented above. Earlier (Section 4.1) 
it was stated that, since the load reduction from ~p • 1600 lb. to 
AP• 800 lb. was too large, waiting for the delay to end would involve 
too lengthy a time interval to be practical. However, the ~ K value for 
the cracks at ~pa 800 lb. is slightly above 800 lb./in. 312 which is 
well below 1000 lb./in. 312 Possibly these two specimens bad experienced 
, the true phenomenon of nonpropagating cracks and an indeterminately ~ong 
time would have been required for crack growth to recomnence. 
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,. S. C O N C L U S I O N S 
Average crack growth rates can be produced at least aa slow aa 
-10 
2 x 10 in./cycle. 
A simple power law may be reasonably applicable .to express growth 
-8 
rates faster than about 10 in./cycle although the exponents haye not been 
conclusively established. However, for rates slower than l0-8in./cycle the 
values of ~ K appear to asymptotically approach a __ lower· limit of about 
3/2 
1000 lb.Jin. for 7075-T6 aluminum alloy. This limit may possibly be 
a threshold value for describing the commencement of crack growth in the 
fatigue process, and thus may be used to describe nonpropagating cracks. 
Viewing very slow crack growth rates as well as fast rates as a 
continuous process appears to be a reasonable and justifiable practical 
approximation. 
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6. H O ME N C LA T U R E 
K - stress intensity factor (lb./in. 312) l'.tr 
- % total crack length (in.) 
b - % plate width (in.) 
Q'"" - gross average applied stress (lb. /in. 2) 
-· 
. ; - - . _-,,,_. " 
•• ,_, . • J,~ .... ~·-····. 
• 
r - distance from crack tip to any stress point in the plate (in.) 
e - angle· ·of ___ ,inclination of r to the x-axis 
. I 2 ~ - sinusoidal range of applied stress (lb. in. ) 
Ci - material property constant 
¥ - ratio of mean load to load range 
f - frequency of loading -(cpm) 
AP - maximum range of load per cycle (lbs.) 
AK - range of stress intensity factor per load cycle (lb./in. 312) 
RH5 - right hand side of crack 
LHS - left hand side of crack 
N - number of load cycles 
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